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PROBLEM TO BE SOLVED: To improve mass productivity and to 
enable good display regardless of the brightness of ambient light by 
providing each of pixel regions with a reflection region and a 
transmission region and optimizing the retardation of a liquid 
crystal layer, respectively independently therefrom. 
SOLUTION: Each pixel has a reflection region 120R regulated by a 
reflection electrode 69 and a transmission region 120T regulated by 
a transparent electrode 68. The relation between the twist angle of 
the liquid crystal layer 140 and the retardation, when phase 
difference compensation elements 170 and 180 are quarter-wave 
plates is regulated by setting the retardation of the liquid crystal 
layer 140, when the twist angle 91 is within the range 0°<ei<90° at 
a prescribed range, by which the utilization rate of 70% or higher in 
reflectivity is can be obtained relating to the reflection region 120R. 
The utilization efficiency of 30% or higher in transmittance can be 
obtained by setting the retardation of the liquid crystal layer 140, 
when the twist angle 01 is within the range 0°<91<90^ at a 
prescribed range related to the transmission region 120T. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] It has the liquid crystal layer pinched between the 1 st and 2nd substrates, and this 1 st substrate and 

this 2nd substrate. It is the liquid crystal display which has two or more picture element fields specified with the 
electrode of the pair which impresses an electrical potential difference to this liquid crystal layer, and has a 
reflective field and a transparency field for these two or more picture element fields of every. This liquid crystal 
layer The 1st polarizing element which consisted of a liquid crystal ingredient which has a forward dielectric 
constant anisotropy, and was prepared in the opposite side with this liquid crystal layer of this 1 st substrate, The 
2nd polarizing element prepared in the opposite side with this liquid crystal layer of this 2nd substrate, and the 
1st phase contrast compensation component prepared between this 1st polarizing element and this liquid crystal 
layer, It has the 2nd phase contrast compensation component prepared between this 2nd polarizing element and 
this liquid crystal layer. Twist angle thetat of this liquid crystal layer is 0 degrees or more 90 degrees or less. 
The retardation Rd of the light field of this liquid crystal layer of this reflective field and twist angle thetat In 
the range and the range of 0 degree<=thetat<=54.3 degree which are surrounded with the curve expressed with 
a formula (1), a formula (2), a formula (3), and a formula (4), respectively In the range surrounded with the 
curve expressed with a formula (5), a formula (6) and a formula (7), and a formula (8), respectively, and the 
range of 54.3 degree<thetat<=90 degree It is the range surrounded with the curve expressed with a formula (5) 
and a formula (8), respectively. And the retardation Rd of the light field of this liquid crystal layer of this 
transparency field and twist angle thetat It is the range surrounded with the curve expressed with a formula (9), 
a formula (10), a formula (1 1), and a formula (12), respectively, and each formula is Rd=-0.0043, thetat2-0.065, 
andthetat+1011.8. (1) 

Rd=-0.0089, thetat2+0.1379, and thetat+914.68 (2) 
Rd=-0.0015, thetat2-0.1612, and thetat+737.29 (3) 
Rd=-0.0064, thetat2-0.0043, and thetat+640.65 (4) 
Rd=-0.0178, thetat2+0.2219, and thetat+458.92 (5) 
R(i=-0.0405, thetat2+0.4045, and thetat+364.05 (6) 
Rd=0.0347, thetat2-0.4161, and thetat+1 86.53 (7) 
Rd=0.0098, thetat2-0.1912, and thetat+89.873 (8) 
Rd=-0.0043, thetat2-0.065, and thetat+995.66 (9) 
Rd=-0.0058, thetat2-0.0202, and thetat+665.8 (10) 
Rd=-0.0248, thetat2+0.6307, and thetat+439.58 (1 1) 
Rd=0.0181, thetat2-0.6662, and thetat+109.51 (12) 
The liquid crystal display which comes out and exists. 

[Claim 2] In the range whose twist angle thetat of a reflective field said retardation Rd is 0 
degree<=thetat<=54.3 degree In the range said whose retardation Rd twist angle thetat of a reflective field is the 
range surrounded with the curve expressed with the above-mentioned formula (7) and the above-mentioned 
formula (8), and is 54.3 degree<thetat<=90 degree Consider as the range surrounded with the curve expressed 
with the above-mentioned formula (5) and the above-mentioned formula (8), and twist angle thetat of said 
transparency field sets in the 0-degree or more range of 90 degrees or less. The liquid crystal display according 
to claim 1 in the range in which said retardation is surrounded with the curve expressed with the above- 
mentioned formula (11) and the above-mentioned formula (12). 

[Claim 3] Said reflective field and said transparency field have the liquid crystal layer which consists of the 
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same liquid crystal ingredient, and the thickness of this liquid crystal layer of this reflective field is a liquid 
crystal display [ smaller than the thickness of this liquid crystal layer of this transparency field ] according to 
claim 1. 

[Claim 4] Said 1 st phase contrast compensation component is a liquid crystal display according to claim 2 
which it has the 1 st phase contrast plate, twist angle thetat of said liquid crystal layer is 0 degree, the retardation 
Rd of said reflective field is 90 nm<=Rd<=187nm, and the retardation Rd of said transparency field is 1 10 
nm<=Rd<=440nm, and is the range whose retardation Rd of this 1 st phase contrast plate is 30 
nm<=Rd<=250nm. 

[Claim 5] Said 1st phase contrast compensation component is a liquid crystal display according to claim 4 
which is the range whose retardation Rd of this 2nd phase contrast plate it has the 2nd phase contrast plate 
further, and is 220 nm<=Rd<=330nm. 

[Claim 6] said 2nd phase contrast compensation component - the 3rd phase contrast plate - having - this - the 
liquid crystal display according to claim 5 which is the range whose retardation Rd of the 3rd phase contrast 
plate is 120 nm<=Rd<=l 50nm. 

[Claim 7] said 2nd phase contrast compensation component — further ~ the 4th phase contrast plate ~ having — 
this - the liquid crystal display according to claim 6 which is the range whose retardation Rd of the 4th phase 
contrast plate is 240 nm<=Rd<=310nm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the liquid crystal display of the mold both for 
reflective transparency which can perform the display in reflective mode, and the display of the transparent 
mode about a liquid crystal display. 
[0002] 

[Description of the Prior Art] Conventionally, the reflective mold indicating equipment using an ambient light, 
the transparency mold indicating equipment using back light light, and the transflective type indicating 
equipment equipped with the half mirror and the back light were shown in the liquid crystal display. 
[0003] Under a gloomy environment, the display stopped easily a reflective mold liquid crystal display being 
able to be visible, and a transparency mold liquid crystal display has a strong ambient light, for example, had 
the fault of the outdoors of a display etc. having grown dim, could not be easily visible under sunlight, and 
becoming. JP,7-333598,A is indicating the transflective LCD as a liquid crystal display which used the display 
mode of these both together so that a good display can be performed under any environments. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the following problem was shown in the above-mentioned 
conventional transflective LCD, The conventional transflective LCD is replaced with the reflecting plate in a 
reflective mold liquid crystal display, using the half mirror, prepares a very small transparency field (for 
example, very small hole in a metal thin film) in a reflective field, and shows with the reflected light using the 
transmitted light. Since the reflected light and the transmitted light which are used for a display passed the same 
liquid crystal layer, the optical path of the reflected light became twice the optical path of the transmitted light, 
and since the retardations of a liquid crystal layer to the reflected light and the transmitted light differed greafly, 
a good display was not able to be obtained. Moreover, since it was superimposed on the display of reflective 
mode and the transparent mode and the display in reflective mode and the display of the transparent mode could 
not be optimized according to the individual, tfiere was a problem that color display was difficult or turned into 
a blurred display. 

[0005] It is made in order that this invention may solve the above-mentioned technical problem, and the 
purpose of this invention is excellent in mass-production nature, and is not based on the brightness of an 
ambient light, but it is in offering the Uquid crystal display in which a good display is possible. 
[0006] 

[Means for Solving the Problem] The liquid crystal display of this invention has the liquid crystal layer pinched 
between the 1st and 2nd substrates, and this 1st substrate and the 2nd substrate. It is the liquid crystal display 
which has two or more picture element fields specified with the electrode of the pair which impresses an 
electrical potential difference to this liquid crystal layer, and has a reflective field and a transparency field for 
these two or more picture element fields of every. This liquid crystal layer The 1st polarizing element which 
consisted of a liquid crystal ingredient which has a forward dielectric constant anisotropy, and was prepared in 
the opposite side with fliis liquid crystal layer of this 1st substrate, The 2nd polarizing element prepared in the 
opposite side with this liquid crystal layer of this 2nd substrate, and the 1st phase contrast compensation 
component prepared between this 1st polarizing element and this liquid crystal layer, It has the 2nd phase 
contrast compensation component prepared between this 2nd polarizing element and this liquid crystal layer. 
Twist angle thetat of this liquid crystal layer is 0 degrees or more 90 degrees or less. The retardation Rd of the 
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light field of this liquid crystal layer of this reflective field and twist angle thetat In the range and the range of 0 

degree<=thetat<=54.3 degree which are surrounded with the curve expressed with a formula (1), a formula (2), 

a formula (3), and a formula (4), respectively In the range surrounded with the curve expressed with a formula 

(5), a formula (6) and a formula (7), and a formula (8), respectively, and the range of 54.3 degree<thetat<=90 

degree It is the range surrounded with the curve expressed with a formula (5) and a formula (8). The retardation 

Rd of the light field of this liquid crystal layer of this transparency field and twist angle thetat It is the range 

surrounded with the curve expressed with a formula (9), a formula (10), a formula (1 1), and a formula (12), 

respectively, and each above-mentioned formula is Rd=-0.0043, thetat2-0.065, and thetat+101 1.8. (1) 

Rd=-0.0089, thetat2+0.1379, and thetat+914.68 (2) 

Rd=-0.0015, thetat2-0.1612, and thetat+737.29 (3) 

Rd=-0.0064, thetat2-0.0043, and thetat+640.65 (4) 

Rd=-0.0178, thetat2+0.2219, and thetat+458.92 (5) 

Rd=-0.0405, thetat2+0.4045, and thetat+364.05 (6) 

Rd=0.0347, thetat2-0.4161, and thetat+186.53 (7) 

Rd=0.0098, thetat2-0.1912, and thetat+89.873 (8) 

Rd=-0.0043, thetat2-0.065, and thetat+995.66 (9) 

Rd=-0.0058, thetat2-0.0202, and thetat+665.8 (10) 

Rd=-0.0248, thetat2+0.6307, and thetat+439.58 (1 1) 

Rd=0.0181, thetat2-0.6662, and thetat+109.51 (12) 

It comes out, and it is and the above-mentioned purpose is attained by that. 

[0007] In the range whose twist angle thetat of a reflective field said retardation Rd is 0 degree<=thetat<=54.3 
degree In the range said whose retardation Rd twist angle thetat of a reflective field is the range surrounded with 
the curve expressed with the above-mentioned formula (7) and the above-mentioned formula (8), and is 54.3 
degree<thetat<=90 degree It is desirable that consider as ttie range surrounded with the curve expressed with the 
above-mentioned formula (5) and the above-mentioned formula (8), and said retardation has twist angle thetat 
of said transparency field in the range surrounded with the curve expressed with the above-mentioned fomiula 
(11) and the above-mentioned formula (12) in the 0-degree or more range of 90 degrees or less. 
[0008] Said reflective field and said transparency field have the liquid crystal layer which consists of the same 
Uquid crystal ingredient, and, as for the thickness of this liquid crystal layer of this reflective field, it is desirable 
that it is smaller than the thickness of this liquid crystal layer of this transparency field. 
[0009] It may have the 1st phase contrast plate, twist angle thetat of said liquid crystal layer may be 0 degree, 
the retardation Rd of said reflective field may be 90 nm<=Rd<=l 87nm, and the retardation Rd of said 
transparency field may be 1 10 nm<=Rd<=440nm, and said 1st phase contrast compensation component may be 
range whose retardation Rd of this 1st phase contrast plate is 30 nm<=Rd<=250nm. 

[0010] Said 1st phase contrast compensation component may have the 2nd phase contrast plate fiirther, and may 
be range whose retardation Rd of this 2nd phase contrast plate is 220 nm<=Rd<=330nm. 
[001 1] said 2nd phase contrast compensation component - the 3rd phase contrast plate — having — this - the 
retardation Rd of the 3rd phase contrast plate may be the range which is 120 nm<=Rd<=150nm. 
[0012] said 2nd phase contrast compensation component - fiirther - the 4th phase contrast plate - having — 
this - the retardation Rd of the 4th phase contrast plate may be the range which is 240 nm<=Rd<==310mn. 
[0013] Hereafter, an operation of this invention is explained. First, the definition of the vocabulary used on this 
application specifications is explained. In the mold liquid crystal display both for reflective transparency, the 
field which displays the field which displays using the transmitted light using a transparency field and the 
reflected light is called a reflective field, respectively. A transparency field and a reflective field contain the ^ 
transparency electrode field and reflector field which were formed on the substrate, and the liquid crystal layer 
pinched by the substrate of a pair, respectively. The transparency electrode field and reflector field on a 
substrate specify the two-dimensional breadth of a reflective field and a transparency field, respectively. A 
transparency electrode field is typically prescribed by the transparent electrode. A reflector field may be 
prescribed by the combination of a reflector or a transparent electrode, and a reflector. 
[0014] The liquid crystal display of this invention has a reflective field and a transparency field for every 
picture element field. Therefore, the retardation of a liquid crystal layer can be independently optimized about a 
reflective field and a transparency field, respectively. The retardation of the liquid crystal layer of a reflective 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 2/2005 



JP,2000- 1 87220, A [DETAILEMESCRIPTION] 



Page 3 of 1 1 



field specifically A formula (1) and a formula (2), It is set as the range (hatching field of drawing 5 (a double 
hatching field is included)) surrounded with the curve expressed with a formula (3), a formula (4), a formula (5) 
and a formula (6), a formula (7), and a formula (8), respectively. By setting the retardation of the liquid crystal 
layer of a transparency field as the range surrounded by the formula (9), the formula (10), the formula (1 1), and 
the formula (12) to (the hatching field in drawing 6 (a double hatching field being included)) Brightness 
(permeability) of a transparency field can be made into 30% or more for the brightness (reflection factor) of a 
reflective field 70% or more. 

[0015] As for the conditions of these retardations, it is desirable that it is satisfied to the wavelength which is 
the main wavelength of 550nm of the light (visibility is high). Fxirthermore, it is more desirable that it is 
satisfied about all the wavelength range of the light (400nm or more 800nm or less). 

[0016] Furthermore, since twist angle thetat is in the range of 0 degree - 90 degrees, it is one rubbing processing 
and can make the same the twist angle of the field of both the reflective field where the thickness of a liquid 
crystal layer differs, and a transparency field. In order to make it the twist angles of a reflective field and a 
transparency field differ, rubbing must be separately made two fields and the problem that a manufacture 
process becomes compHcated arises. 

[0017] Furthermore, said retardation Rd sets in the range whose twist angle thetat of a reflective field is 0 
degree<=thetat<=54.3 degree. In the range said whose retardation Rd twist angle thetat of a reflective field is 
the range surrounded with the curve expressed with the above-mentioned formula (7) and the above-mentioned 
formula (8), and is 54.3 degree<thetat<=90 degree A retardation is made into the range (double hatching field in 
drawing 5 ) surrounded with the curve expressed with a formula (5) and a formula (8). And when twist angle 
- thetat of a transparency field makes a retardation the range (double hatching field in drawing 6 ) surrounded 
with the curve expressed with a formula (1 1) and a formula (12) in the 0-degree or more range of 90 degrees or 
less At the time of electrical-potential-difference impression, if it sets up so that the retardation of the liquid 
crystal layer of a reflective field and a transparency field may be set to 0 and it may become a black display at 
this time, it will be impressing the same electrical potential difference as a reflective field and a transparency 
field, and a good black display will be realized by coincidence. Furthermore, as conditions for realizing a white 
display, the above-mentioned conditions respond to a retardation choosing the white field (fi"om the low 
retardation side in drawing 7 R> 7 and drawing 8 to the 1st peak) nearest to 0, and can also perform a gradation 
display good. That is, in the intermediate state which changes fi^om a white display to a black display, since 
brightness (a reflection factor and permeability) carries out monotone reduction, a good gradation display is 
obtained. As conditions which realize a white display, if a white field is set as the 2nd peak in drawing 7 and 
drawing 8 fi-om a low retardation side, the 1st peak exists in a halftone viewing area, and it cannot consider as a 
good gradation display. 

[001 8] Simple [ of a configuration or the manufacture approach ] is carried out rather than the case where the 
direction which constituted the liquid crystal layer of a transparency field and a reflective field fi-om same liquid 
crystal ingredient changes the class of liquid crystal ingredient. In order to set up a retardation which is different 
in a reflective field and a transparency field, respectively, it is effective to change the thickness of the liquid 
crystal layer of a reflective field and a transparency field. Furthermore, in order to make in agreement the 
optical path length to the light which contributes to the display in a reflective field and a transparency field, it is 
effective to make thickness of the liquid crystal layer of a transparency field thicker than the thickness of the 
liquid crystal layer of a reflective field. It is most desirable that the thickness of the Uquid crystal layer of a 
transparency field is twice the thickness of the liquid crystal layer of a reflective field. 

[0019] The 1st phase contrast compensation component has the 1st phase contrast plate, and if twist angle thetat 
of a liquid crystal layer is the range whose retardation Rd of the 1st phase contrast plate the retardation Rd of a 
reflective field is 90 nm<=Rd<=187nm, and the retardation Rd of a transparency field is 1 10 
nm<=Rd<=440nm, and is 30 nm<=Rd<=250nm at 0 degree, it is bright in the display of a reflective field, and it 
can be realized by the normally white mode which has a high contrast ratio. 

[0020] the 1st phase contrast compensation component - the 1st phase contrast plate - in addition - if it is the 
range whose retardation Rd of this 2nd phase contrast plate is 220 nm<=Rd<=330nm, since it has the 2nd phase 
contrast plate, and the wavelength property of a reflective field will be eased - further ~ high - a contrast 
display can be performed. 

[0021] if it is the range whose retardation Rd of the 3rd phase contrast plate is 120 nm<=Rd<=150nm, since the 
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2nd phase contrast compensation component has the 3rd phase contrast plate, and optimization at the time of 
dark will be performed also in a transparency field ~ further - high ~ a contrast display can be performed, 
[0022] the 2nd phase contrast compensation component - the 3rd phase contrast plate - in addition - if it is the 
range whose retardation Rd of this 4th phase contrast plate is 240 nm<=Rd<=3 1 Onm, since it has the 4th phase 
contrast plate, and the wavelength property of a transparency field will be eased - fijrther - high - a contrast 
display can be performed. 
[0023] 

[Embodiment of the Invention] The fi-agmentary sectional view of tiie mold liquid crystal display 100 both for 
reflective transparency in the operation gestalt 1 of this invention is shown in drawing 1 A. Moreover, the plan 
of the active-matrix substrate 70 of a liquid crystal display 100 is shown in drawing 1 B. Drawing 1 A is 
equivalent to the sectional view which met the A- A line of drawing 1 B. 

[0024] As shown in drawing 1 A, the liquid crystal display 100 has the active-matrix substrate 70, the opposite 
substrate (color filter substrate) 160, and the liquid crystal layer 140 pinched among these. On the surface of the 
opposite side, the phase contrast compensation components (a phase contrast plate, phase contrast films, these 
layered products, etc.) 170 and 180 are formed, respectively in the liquid crystal layer 140 of the active-matrix 
substrate 70 and the opposite substrate 160. Furthermore, polarizing elements (a polarizing plate, polarization 
film, etc.) 172 and 182 are formed in the outside of the phase contrast compensation components 170 and 180 
so that these may be pinched. 

[0025] As shown in drawing 1 A and drawing 1 B, on the glass substrate 61 which is an insulating substrate, 
two or more gate bus lines 72 as the scanning line and the source bus line 74 as a signal line cross by tums, and 
- the active-matrix substrate 70 of the mold both for reflective transparency is formed. In the field of the shape of 
a rectangle surrounded by each gate bus line 72 and each source bus line 74, the transparent electrode 68 which 
consists of an ingredient with high light transmission effectiveness (for example, ITO) is arranged 
independentiy, and the reflector 69 which consists of an ingredient with high light reflex effectiveness (for 
example, aluminum, Ag, Ta), and it form the pixel electrode with these reflectors 69 and a transparent electrode 
68. Heists 64a with high height, heights 64b with low height, and the macromolecule resin film 65 formed on 
these are formed in the bottom of a reflector 69, and the front face of a reflector 69 has become the continuous 
wave. One kind is sufficient as the height of heights. 

[0026] The reflector 69 is connected with tiie drain electrode 76 of TFT71 in the contact hole 79. TFT71 is 
formed in the semi-conductor layer 77 which deposited the gate electrode 73 on wrap gate-dielectric-film 61a. 
From the gate bus line 72 and the source bus line 74, the gate electrode 73 and the source electrode 75 of TFT71 
branch, and are formed, respectively. 

[0027] The transparent electrode 166 which consists of a color filter layer 164, ITO, etc. is formed on the glass 
substrate 162 whose opposite substrate (color filter substrate) 160 is an insulating substrate. The level 
orientation film (un-illustrating) is formed in the liquid crystal layer 140 side front face of both the substrates 70 
and 160. After spreading of the orientation film, orientation processing has been performed so that it may 
become the twist include angle of hope by rubbing etc. The nematic liquid crystal ingredient which has a 
forward dielectric anisotropy is used for tiie liquid crystal layer 140. The liquid crystal molecule of the liquid 
crystal layer 140 has tfie tilt angle of 0.1 to about 5 degrees to a substrate side by orientation processing of 
rubbing to the orientation film of a level stacking tendency etc. Orientation of the liquid crystal molecule is 
carried out in parallel with a substrate side at the time of no electrical-potential-difference impressing, and it 
inclines in the direction of a normal of a substrate side at the time of electrical-potential-difference impression. 
[0028] The picture element used as the unit of the minimirai display of a liquid crystal display 100 has 
transparency field 120T specified with reflective field 120R specified with a reflector 69, and a transparent 
electrode 68. The thickness of the liquid crystal layer 140 is dr in reflective field 120R, and serves as dt (dt>dr) 
in transparency field 120T. This is for making almost equal the optical path lengtii of the light (reflected light of 
a reflective field, and transmitted light of a transparency field) which contributes to a display. What is necessary 
is just to set up suitably by relation with a display property, although dt=2dr is desirable. At least, what is 
necessary is just dt>dr. Typically, dt is about 4-6 micrometers, and dr is about 2-3 micrometers. That is, the 
level difference of about 2-3 micrometers is formed in the picture element field of the active-matrix substrate 
70. In addition, what is necessary is just to set the average to dr, when it has irregularity, as the reflector 69 
illustrated. Thxis, in tiie mold Hquid crystal display 100 botii for reflective transparency, the field (a reflective 
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field and transparency field) where the thickness of the liquid crystal layer 140 differs is formed. In this 
example, it has reflector field 120R firom which height differs on the Uquid crystal side firont face of the active- 
matrix substrate 70, and transparency electrode field 120T. 

[0029] When manufacturing the liquid crystal display in normally black mode in level orientation mode, control 
of a eel gap becomes difficult in many cases. So, in Ihis example, in order to take a large process margin. Nor 
Marie White is employed. 

[0030] The detail of the display principle in the normally white mode of the liquid crystal table equipment 100 
shown in drawing 1 A is explained referring to drawing 2 , drawing 3 , and drawing 4 . In addition, the case 
where it has the phase contrast plates (quarter-wave length plate) 170b and 180a for the phase contrast 
compensation components 170 and 180 to change the phase contrast plates (1/2 wavelength plate) 170a and 
180b and the linearly polarized light for color compensation into the circular polarization of light is explained. 
They are for pressing down coloring of a display, and when it is not necessary to use 1/2 wavelength plates 
170a and 180b and also when admitting some coloring, and realizing a colorless display, they are good to use 
two sheets. What is necessary is just to set these up suitably according to the application of a liquid crystal 
display. When liquid crystal is made to twist and a transparency field differs in the thickness of a liquid crystal 
layer from a reflective field, it is easy to generate disclination in the level difference section used as the 
boundary of these fields. Therefore, the level orientation of 0 degree of twist angles is the most desirable. 
[003 1 ] Drawing 2 shows the polarization condition of the light in each class at the time of performing a white 
display by reflective field 120R. 

[0032] With a polarizing plate 172, incident light turns into the linearly polarized light, and carries out 
- incidence to 1/2 wavelength-plate 170a for color compensation. The polarization shaft orientation of 
********** changes in 1/2 wavelength plate 170a, without a polarization condition changing. The linearly 
polarized light which carried out incidence to quarter-wave length plate 170b after that turns into the circular 
polarization of light, and carries out incidence to the liquid crystal layer 140. Since the effectual phase contrast 
of the liquid crystal layer 140 of a white display condition is adjusted to quarter- wave length, the circular 
polarization of Hght which carried out incidence tums into the linearly polarized light. It is reflected by the 
reflecting plate (reflector 69), with a polarization condition maintained, and incidence of the linearly polarized 
hght which penetrated the liquid crystal layer 140 is again carried out to the liquid crystal layer 140 with it. The 
linearly polarized light which penetrated the liquid crystal layer 140 again tums into the circular polarization of 
light, and is further changed into the linearly polarized light by quarter-wave length plate 170b. After passing 
1/2 wavelength-plate 170a after that, outgoing radiation is carried out through a polarizing plate 172, 
[0033] Drawing 3 shows the polarization condition of the light in each class at the time of performing a black 
display by reflective field 120R. 

[0034] With a polarizing plate 172, incident light tums into the linearly polarized light, and carries out 
incidence to 1/2 wavelength-plate 170a for color compensation. In 1/2 wavelength plate 170a, the polarization 
shaft orientation of the linearly polarized light changes, without a polarization condition changing. The linearly 
polarized light which carried out incidence to quarter-wave length plate 170b after that tums into the circular 
polarization of Ught, and carries out incidence to the liquid crystal layer 140. Since the electrical potential 
difference for a black display is impressed and the effectual phase contrast of the liquid crystal layer 140 is 
adjusted to 0, the circular polarization of light which carried out incidence is passed as the circular polarization 
of light as it is. It is reflected maintaining a polarization condition with a reflecting plate 69, and incidence of 
the circular polarization of light which penetrated the liquid crystal layer 140 is again carried out to the liquid 
crystal layer 140. The circular polarization of light penetrates the liquid crystal layer 140 again, with a 
polarization condition maintained, and is changed into the linearly polarized light by quarter-wave length plate 
170b. At this time, the polarization direction of the linearly polarized light is rotating 90 degrees compared with 
the white display condition. Since the linearly polarized light which passed 1/2 wavelength-plate 170a is 
absorbed with a polarizing plate 172, outgoing radiation of it is not carried out from a liquid crystal display, 
[0035] The polarization condition of the light in each class at the time of performing a white display and a black 
display to drawing 4 by transparency field 120T is shown. In the design of the mold liquid crystal display both 
for reflective transparency, to reflective field 120R, it opts for the retardation of arrangement of a polarizing 
plate 172, and the phase contrast compensation components 170a and 170b, and arrangement of a lagging axis, 
and it is after that and opts for the retardation of the phase contrast compensation components 1 80a and 1 80b 
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and arrangement of a lagging axis, and arrangement of a polarizing plate 182 to transparency field 120T. The 
procedure of this design is made to reflect in drawing 4 , and the polarization condition in each class when light 
carries out incidence from the top polarizing plate 172 prepared in the observer side of a liquid crystal display 
100 is shown in it. In addition, although the light used for the display of transparency field 120T is the ligjit 
from a back light and carries out incidence from the bottom polarizing plate 1 82, it is actually equivalent to 
change which also showed change of the polarization condition in each class of the light which carried out 
incidence from the bottom polarizing plate 182 to drawing 4 . 

[0036] The fundamental configuration of transparency field 120T is arranged so that it may become a reflection 
symmetry image to a reflecting plate 69 about the same thing as the configuration of reflective field 120R. 
Change of the polarization condition by each class and the polarization direction is the same as having 
explained the reflective field fundamentally. The optical retardation of the liquid crystal layer 140 is adjusted to 
1/2 wave (twice of the retardation of reflective field 120R). 

[0037] as mentioned above, when displaying by using together reflective field 120R and transparency field 
120T, in order to realize the greatest reflective effectiveness and transparency effectiveness 1/2 or more waves 
of optical retardations of the liquid crystal layer 140 are required of transparency field 120T respectively more 
than quarter-wave length at reflective field 120R. And the difference of the retardation at the time of the 
electrical-potential-difference impression for a black display and the retardation at the time of no electrical- 
potential-difference impressing needs to be 1/2 or more waves in a transparency field more than quarter-wave 
length in a reflective field, 

[0038] Various gestalten can be used in order to realize an above-mentioned optical retardation by reflective 
- field 120R and transparency field 120T. For example, the liquid crystal layer which carried out homogeneous 
orientation, the liquid crystal layer which carried out twist orientation, the Hquid crystal layer which carried out 
hybrid orientation can be used. 

[0039] In addition, when the liquid crystal display mode in which a liquid crystal molecule (some [ at least ] 
liquid crystal molecules) carries out orientation horizontally to a substrate front face at the time of no electrical- 
potential-difference impressing is used, the problem that sufficient black display is unrealizable may arise. This 
problem is explained below. 

[0040] If a sufficiently high electrical potential difference is impressed to inter-electrode [ which coxmters on 
both sides of a liquid crystal layer ], a liquid crystal molecule will start to a perpendicular (parallel to electric 
field) to a substrate front face mostly, and the optical retardation of the liquid crystal layer 140 will be set to 
about 0. However, since the applied voltage at the time of a black display is finite (about [ Typically 5 ] V), 
orientation of a liquid crystal molecule cannot fully change, but the optical retardation of finite remains in the 
liquid crystal layer 140. In electrical-potential-difference extent impressed for a drive for the achoring 
effectiveness of the orientation film, orientation especially of the liquid crystal molecule near the front face of 
the orientation film is not carried out perpendicularly, and the retardation of the liquid crystal layer 140 is not 
set to 0. Consequently, if the liquid crystal display mode in which a liquid crystal molecule (some [ at least ] 
liquid crystal molecules) carries out orientation horizontally to a substrate front face at the time of no electrical- 
potential-difference impressing is used, sufficient black display cannot be realized and contrast sufficient as a 
result will not be acquired. 

[0041] In order to solve this problem, about reflective field 120R, it is effective that it can be made to perform a 
black display by adjusting the optical retardation of a quarter-wave length plate also in the practical electrical- 
potential-difference range. When the retardation of alpha remains in the liquid crystal layer 140, the lagging 
axis of quarter- wave length plate 170b is made mostly in agreement in the direction of the effectual lagging axis 
of the liquid crystal layer 140, and it combines with the optical retardation which remains in the liquid crystal 
layer 140 at the time of electrical-potential-difference impression by setting the optical retardation of quarter- 
wave length plate 170b to (lambda / 4-alpha), and specifically enables it to be satisfied with the whole Hquid 
crystal cell of quarter-wave length conditions. As other approaches, the direction of the effectual lagging axis of 
the liquid crystal layer 140 and the lagging axis of quarter-wave length plate 170b are made to cross at right 
angles, and the optical retardation which remains in the liquid crystal layer 140 is canceled, and it can make it 
possible to be satisfied with setting the optical retardation of quarter- wave length plate 170b to 
(lambda/4+alpha) of quarter-wave length conditions at the time of electrical-potential-difference impression. 
[0042] After setting up the configuration of reflective field 120R as mentioned above about transparency field 
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120T, the above-mentioned problem is solvable by changing elliptically polarized light into the linearly 
polarized light, and setting up the polarization shaft of a polarizing plate 1 82 in the direction which intersects 
perpendicularly with the polarization shaft of this linearly polarized light by doubling with the optical axis 
(lagging axis) of quarter- wave length plate 180b at the major axis or minor axis of elliptically polarized light by 
which outgoing radiation is carried out from transparency field 120T. 

[0043] or the case where the retardation of beta remains in transparency field 120T - the lagging axis of 
quarter-wave length plate 180a - the direction of the effectual lagging axis of the liquid crystal layer 140 - 
about - in all [ the optical retardation which remains in the liquid crystal layer 140 at the time of electrical- 
potential-difference impression by making it do one and making the optical retardation of quarter- wave length 
plate 180a into (lambda / 4- (beta-alpha)), and ] - it enables it to satisfy 1/2-wave conditions Or the direction of 
the effectual lagging axis of the liquid crystal layer 140 and the lagging axis of quarter-wave length plate 180a 
are made to cross at right angles, and at ttie time of electrical-potential-difference impression, it cancels with the 
optical retardation which remains in the liquid crystal layer 140, and you may enable it to be satisfied with 
making the optical retardation of quarter- wave length plate 180a into (lambda/4+ (beta-alpha)) of 1/2-wave 
conditions. 

[0044] Next, the display property of the mold liquid crystal display both for reflective transparency of the 
invention in this application is explained. In the Hquid crystal display 100 shown in drawing 1, reflective field 
120R is shown in drawing 5 , and the relation between twist angle thetat of the liquid crystal layer 140 in case 
the phase contrast compensation components 170 and 180 are quarter- wave length plates, and a retardation is 
shown in drawing 6 about transparency field 120T. 
- [0045] About a reflective field, if twist angle thetat is in the range of hatching of drawing 5 in the range of 0 
degree<=thetat<=90 degree, 70% or more of use effectiveness will be acquired, the field of hatching of drawing 
5 R> 5 - Retardation Rd (rate of birefiingence deltan of a Rd=delta n-d; liquid crystal layer -) In the range and 
the range of 0 degree<==thetat<=54.3 degree in which thickness d of the liquid crystal layer in each field is 
surrounded with the curve expressed as a formula (1), a formula (2), a formula (3), and a formula (4), 
respectively In the range surrounded with the curve expressed with a formula (5), a formula (6) and a formula 
(7), and a formula (8), respectively, and the range of 54.3 degree<thetat<=90 degree, it is the range surrounded 
with the curve expressed with a formula (5) and a formula (8). 
Rd=-0.0043, thetat2-0.065, and thetat+1011.8 (1) 
Rd=-0.0089, thetat2+0.1379, and thetat4-9 14.68 (2) 
Rd=-0.0015, thetat2-0.1612, and thetat+737.29 (3) 
Rd=-0.0064, thetat2-0.0043, and thetat+640.65 (4) 
Rd=-0.0178, thetat2+0,2219, and thetat+458.92 (5) 
Rd=-0.0405, thetat2+0.4045, and thetat+364.05 (6) 
Rd=0.0347, thetat2-0.4161, and thetat+186.53 (7) 
Rd=0.0098, thetat2-0. 1 91 2, and thetat+89.873 (8) 

On the other hand, about transparency field 120T, if twist angle thetat is in the range of hatching of drawing 6 in 
the range of 0 degree<=thetat<=90 degree, 30% or more of use effectiveness will be acquired. The field of 
hatching of drawing 6 is range where Retardation Rd is surrounded with the curve expressed as a formula (9), a 
formula (10), a formula (11), and a formula (12), respectively. 
Rd=-0.0043, thetat2-0.065, and thetat+995.66 (9) 
Rd=-0.0058, thetat2-0.0202, and thetat+665.8 (10) 
Rd=-0.0248, thetat2+0.6307, and thetat+439.58 (1 1) 
Rd=0.0181, thetat2-0.6662, and thetat+109.51 (12) 

At the time of above-mentioned conditions, by impressing an electrical potential difference to a liquid crystal 
layer enough, a retardation is set to 0 and the high dark display of contrast is realized. 
[0046] Furthermore, Retardation Rd sets in the range whose twist angle thetat of a reflective field is 0 
degree<=thetat<=54.3 degree. In the range whose retardation Rd twist angle thetat of a reflective field is the 
range surrounded with the curve expressed with a formula (7) and a formula (8), and is 54.3 degree<thetat<=90 
degree It considers as the range (double hatching field in drawing 5 ) surrounded with the curve expressed with 
a formula (5) and a formula (8). And when twist angle thetat of a transparency field makes Retardation Rd the 
range (double hatching field in drawing 6 ) surrounded with the curve expressed with a formula (11) and a 
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formula (12) in the O-degree or more range of 90 degrees or less If it sets up so that the retardation of the liquid 
crystal layer of a reflective field and a transparency field may be set to 0 and it may become a black display at 
this time at the time of electrical-potential-difference impression and the same electrical potential difference as 
a reflective field and a transparency field will be impressed, a good black display will be realized by 
coincidence. 

[0047] The effect to the reflection factor and permeability of a retardation in each twist angle thetat is shown in 
drawing 7 and drawing 8 , respectively. In drawing 7 and drawing 8 , as for previous drawing 5 and previous 
drawing 6 , 70% or more and permeability show [ a reflection factor ] 30% or more of field, respectively. 
[0048] Furthermore, as conditions for realizing a white display, the retardation supports choosing the 1 st peak 
fi-om the low retardation side in the white field nearest to 0, i.e., drawing 7 , and drawing 8 , and, as for the 
above-mentioned conditions, can also perform a gradation display good. That is, in the intermediate state which 
changes firom a white display to a black display, since brightness (a reflection factor and permeability) carries 
out monotone reduction, a good gradation display is obtained. If a white display is performed as conditions 
which realize a white display using the 2nd peak firom a low retardation side in drawing 7 and drawing 8 , the 
1st peak exists in a halftone viewing area, and it cannot consider as a good gradation display. 
[0049] Similarly 50% or more of field ( drawing 10 ) and permeability are obtained for the range ( drawing 9 ) 
and permeability from which a reflection factor becomes 90% or more, and 90% or more of field ( drawing 12 ) 
is obtained for 70% or more of field ( drawing 1 1 ) permeability. The formula of the curve which specifies each 
field is shown below. 

More than reflection factor 90%Rd=-0.0043, thetat2-0.065, and thetat+987.57 (13) 
- Rd=-0.0074, thetat2+0.049, and thetat+938.59 (14) 
Rd=-0.0043, thetat2+0.0282, and thetat+712.36 (15) 
Rd=-0.0061, thetat2+0.0564, and thetat+662.94 (16) 
Rd=-0.0192, thetat2+0.1721, and thetat+435.68 (17) 
Rd=-0.0347, thetat2+0.5085, and thetat+387.16 (18) 
Rd=0.0217, thetat2-0.1589, and thetat+162.09 (19) 

The intersection of a formula (18) and a formula (19) is twist angle thetat69.5 degreeRd=0.0167, thetat2- 
0,4884, and thetat+1 15.56. (20) 

More than permeability 50%Rd=-0.0046, thetat2-0.0913, and thetat+959.69 (21) 
Rd=-0.0037, thetat2-0.076, and thetat+692.65 (22) 
Rd=-0,0308, thetat2+0.5971, and thetat+407.2 (23) 
Rd=0.0246, thetat2-0.7079, and thetat+1 48.65 (24) 

The intersection of a formula (23) and a formula (24) is more than twist angle thetatSl.O degree permeability 
70%Rd=-0.0074, thetat2-h0.049, and thetat+922.41. (25) 
Rd=-0.0043, thetat2+0.0282, and thetat+728.54 (26) 
Rd=-0.0419, thetat2+0.5461, and thetat+371.27 (27) 
Rd=0.0347, thetat2-0.5085, and thetat+179.14 (28) 

The intersection of a formula (27) and a formula (28) is more than twist angle thetat57.5 degree permeability 
90%Rd=-0.0127, thetat2+0.1931, and thetat+877.69. (29) 
Rd=0.0048, thetat2-0.4527, and thetat+779.34 (30) 
Rd=-0.0809, thetat2+0.809, and thetat-f 323.6 (31) 
Rd=0.0404, thetat2-0.4045, and thetat+226.52 (32) 

Since brightness carries out monotone reduction of the intersection of a formula (31) and a formula (32) in the 
intermediate state which is setting the retardation and twist angle of a liquid crystal layer as drawing 9 , drawing 
IQ , drawing 1 1 , and the double hatching field of drawing 12 fiorther thetat34.0 degrees of twist angles, and 
changes firom a white display to a black display, a good gradation display is obtained. 

[0050] Although the above-mentioned explanation explained twist orientation, in hybrid orientation, it can think 
the same way. Although hybrid orientation makes a single-sided substrate level orientation and makes another 
side perpendicular orientation, the property at that time turns into the same property as the level orientation 
whose twist angle thetat is 0 degree that the optimal retardation at this time should just consider the case where 
twist angle thetat is 0 degree, in drawing 5 and drawing 6 . 

[0051] As a liquid crystal ingredient of the liquid crystal layer 140, it has refiractive-index anisotropy **n=0.06 
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and the liquid crystal ingredient in which a forward dielectric constant anisotropy is shown was used. 
[0052] the liquid crystal display 100 shown in drawing 1 - setting - eel gap dt= of the liquid crystal layer 140 
of transparency field 120T - eel gap dr= of the liquid crystal layer 140 of about 5.50 micrometers and reflective 
field 120R — about 3.0 micrometers and the twist angle theta - the electrical-potential-difference pair 
permeability property at the time of vertical-incidence perpendicular light-receiving when using the liquid 
crystal ingredient in which the forward dielectric constant anisotropy which has refi-active-index anisotropy 
**n=0.06 of t= 0 degree and the liquid crystal layer 140 is shown, and an electrical-potential-difference pair 
reflection factor property are shown in drawing 13 . 

[0053] Drawing 1 3 is setting part light transmission at the time of vertical-incidence perpendicular light- 
receiving to air to 1. In this case, since an about alpha= 30nm residual retardation is in the liquid crystal layer 
140 when appHed voltage is 5V in reflective field 120R, Set the retardation of phase contrast compensation 
component 170b to 1 lOnm, and the lagging axis of phase contrast compensation component 170b is made in 
agreement with the lagging axis of the liquid crystal layer 140, The lagging axis of phase contrast compensation 
component 170a and the polarization shaft of a polarizing plate 172 were set up so that the linearly polarized 
light might carry out incidence in the direction rotated 45 degrees to this lagging axis. The retardation of phase 
contrast compensation component 180a set to 140nm, and the direction of an optical axis made in agreement the 
major axis of the elliptically polarized light by which outgoing radiation was carried out firom the liquid crystal 
layer 140, and set up the polarization shaft of a polarizing plate 182 in the direction which changed tfie 
polarization direction by phase contrast compensation component 180b, and intersected the changed linearly 
polarized light perpendicularly with the polarization shaft of this linearly polarized light. 
[0054] A property is shown whenever [ in the white display of the mold liquid crystal display both for reflective 
transparency and black display condition which were acquired by drawing 14 / part luminosity ] (a reflection 
factor and permeability). In the white display which is not impressing the electrical potential difference to the 
liquid crystal layer 140, and the black display at the time of electrical-potential-difference 5V impression, 
drawing 14 shows that sufficient contrast ratio is obtained fi'om 400nm in the 700nm wavelength region whole 
region. This also shows that the use effectiveness of light is high and this means of displaying is suitable for the 
mold liquid crystal display both for reflective transparency. 

[0055] Therefore, when a surroxmding light is dark, it is used as a transparency mold liquid crystal display 
displayed using the light which penetrates transparence field 120T using a back light, and when an ambient 
light is bright, a display becomes possible as a reflective mold liquid crystal display displayed using the 
reflected light in reflective field 120R. Moreover, since a reflective field displays reflective mode also when 
displaying by the transparent mode, the phenomenon seen with the conventional transparency mold liquid 
crystal display in which an ambient light reflects in the pictures and a display becomes hard to see is controlled. 
[0056] Therefore, even if it uses an ambient light using a back light, without using a back light when an ambient 
light is bright or uses both a back light and the reflected light by the case where a surrounding light is dark, by 
one panel, it becomes possible to use as a mold liquid crystal display both for reflective transparency which can 
be displayed. 

[0057] Therefore, by using a back light, if a surrounding light is dark like the conventional reflective mold 
liquid crystal display, the fault that sufficient display is not obtained is conquerable [ when an ambient light is 
brighter than the conventional transparency mold liquid crystal display, it is a part low power not using a back 
light and ] with the case where a surrounding light is dark. 

[0058] Moreover, although the case of a white display and a black display was explained, the color filter of each 
color can be prepared in the correspondence part of a reflective field or a transparency field, and color display 
can also be performed. 

[0059] It is desirable in the reflective section and the transparency section for the applied-voltage dependency 
(the so-called gamma characteristics) of a reflection factor and permeability to be almost equivalent. 
[0060] Next, the eel gap dr of the liquid crystal layer 140 of reflective field 120R = the relation of the 
retardation Rd pair reflection factor of quarter- wave length plate 170b ( drawing 4 ) in reflective field 120R at 
the time of using the liquid crystal ingredient in which about 3.0 micrometers, twist angle thetat=0 degree of a 
liquid crystal layer, and the forward dielectric constant anisotropy that has refi-active-index anisotropy **n=0.06 
of the liquid crystal layer 140 are shown is shown in drawing 15 (a) and (b). When drawing 15 (a) prepares the 
lagging axis of quarter-wave length plate 1 70b in the parallel direction to the lagging axis of the liquid crystal 
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layer 140, drawing 15 (b) shows the result at the time of preparing the lagging axis of quarter- wave length plate 
170b in the perpendicular direction to the lagging axis of the liquid crystal layer 140. In addition, this 
examination is performed about the wavelength of 550nm from which the visibility to light serves as max. 
[0061] In Nor Marie White's liquid crystal display, brightness in the time of an electrical potential difference 
OFF is made desirable [ that it is about 50% or more ] to the ideal reflection factor. Therefore, the retardation 
Rd of drawing 1 5 (a) and (b) to reflective accxmbency phase differential plate 170b is understood that it is 
desirable that it is the 30nm or more range of 250nm or less. This reason is explained below. 
[0062] The setting include angle V of the lagging axis of a phase contrast plate and the lagging axis of a liquid - 
crystal phase, the retardation of a phase contrast plate, and the relation of brightness (reflection factor) become 
like drawing 17 . The curve of a convex mold which made the ideal reflection factor the peak (100%) exists 
about each laying temperature (0<=V<=90), and a curve will be shifted rightward (positive direction of the X- 
axis), if laying temperature V becomes large. The lower limit of the optimal retardation is decided by the 
condition (V= 0) of having arranged in parallel, and the upper limit of the optimal retardation is decided by the 
condition (V= 90) of having arranged perpendicularly. The results of having performed detailed examination 
about each are drawing 1515 (a) and drawing 15 (b). 

[0063] That is, if 30nm or more range of the retardation of a phase contrast plate is 250nm or less, a good white 
display and a black display will be attained by setting the lagging axis of a phase contrast plate, and the lagging 
axis of a liquid crystal phase as a suitable include angle. In other words, if the retardation of a phase contrast 
plate is 250nm or more, however the retardation of 30nm or less or a phase contrast plate may adjust the setting 
include angle V, it cannot perform a good white display. 

[0064] Then, since it is desirable to form a phase contrast plate further in order to raise a contrast ratio, 1/2 
wavelength-plate 170a is inserted between above-mentioned phase contrast plate 170b and a polarizing plate 
172. The relation of the retardation Rd pair contrast ratio of 1/2 wavelength-plate 170a in reflective field 120R 
is shown in drawing 15 (c). Wavelength examined 380 to 780nm, and the contrast ratio obtained the result of 
drawing 1 5 (c) in consideration of visibility by making it negotiate with the result about a visibility curve. 
[0065] If visibility is taken into consideration, as a reflective mold liquid crystal display, a contrast ratio will be 
made desirable [ that it is about ten or more ]. Therefore, the retardation Rd of 1/2 wavelength-plate 170a is 
understood that it is desirable that it is the 220nm or more range of 330nm or less from drawing 15 (c). 
[0066] After setting up reflective field 120R preferentially as mentioned above, display grace of the liquid 
crystal display in transparency field 120T was examined fiirther. The eel gap dt of the liquid crystal layer 140 of 
transparency field 120T = the relation of the retardation Rd pair contrast ratio of quarter-wave length plate 1 80a 
( drawing 4 ) at the time of using the liquid crystal ingredient in which about 5.5 micrometers, twist angle 
thetat=0 degree of a liquid crystal layer, and the forward dielectric constant anisotropy that has refractive-index 
anisotropy **n=0.06 of the liquid crystal layer 140 are shown is shown in drawing 16 (a). In addition, the 
calculation result of a contrast ratio shown in drawing 16 (a) was performed like above-mentioned reflective 
field 120R. 

[0067] If visibility is taken into consideration, as a transparency mold liquid crystal display, it is desirable that a 
contrast ratio is about 100 or more. Therefore, the retardation of phase contrast plate 180a is imderstood that it 
is desirable to set it as 120nm or more 1 50nm or less from drawing 16 (a). 

[0068] In order to raise a contrast ratio fiirther in transparency field 120T, it is desirable to insert 1/2 
wavelength-plate 180b for color compensation between quarter-wave length plate 180a and a polarizing plate 
182 (between the polarization shafts of the linearly polarized light and the polarization shafts of a polarizing 
plate 182 by which outgoing radiation was carried out from quarter-wave length plate 180a). Drawing 16 (b) 
which shows the relation of the retardation Rd pair contrast ratio of 1/2 wavelength-plate 180b shows that it is 
desirable to set the retardation of 1/2 wavelength-plate 1 80b as 240nm or more 3 1 Onm or less so that a contrast 
ratio may fill about 100 or more. 

[0069] If the twist angle of a liquid crystal molecule is 0 degree as mentioned above, even if the level difference 
of eel thickness is in a picture element field, it will be hard to generate disclination, and the orientation of a 
hquid crystal molecule will become good. Thus, in the condition that the twist angle of a liquid crystal layer is 0 
degree, if the retardation of the above liquid crystal layers and the retardation of four kinds of phase contrast 
plates 170a, 170b, 180a, and 180b are set up, each display property of the reflective mode of a liquid crystal 
display and the transparent mode can be raised most. In addition, the priority which contributes to the display 
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property of the four above-mentioned kinds of phase contrast plates is the phase contrast plates 170b, 170a, 
180a, and 180b, and phase contrast plate 170b is the most important requirements for a configuration. It is 
desirable to improve the display in reflective mode preferentially so that the above-mentioned priority may 
show. 
[0070] 

[Effect of the Invention] As mentioned above, the high display of contrast is attained in the display equipped 
with reflective mode and the transparent mode. Moreover, when reflective mode and the transparent mode are 
- used together, even if a black display is attained at coincidence and it both uses together, the high display of 
contrast is attained. Moreover, the gradation display to the black display from a white display is attained by 
changing applied voltage and changing the retardation value of a liquid crystal layer. Moreover, since the 
retardation of the liquid crystal layer of a reflective field and a transparency field can be optimized 
independently, it becomes possible to drive the liquid crystal layer of a transparency field and a reflective field 
on this electrical potential difference to coincidence. For this reason, the display in reflective mode and the 
display of the transparent mode can be performed by the same drive, without being influenced by the 
surrounding environment. Therefore, according to a surrounding environment, it is not necessary to change a 
display mode. 



[Translation done.] 
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[Drawing 1 A] 
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[Drawing 1 B] 
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[Drawing 2] 
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(a) ^XXJ^ (b) lil^-To (315 (a) 1 / 4 iS5 
ffi 1 7 0 b 14 0 <7:>@+iafwM l^XW- 

fT*:&lS]fcK}tfcS-&s *5J:a^. Ell 5 (b) *iiX4 
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2fi:^tg 17 0a <^±a!C0{4ffi^ffi 170b t^t/t^ 1 
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